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1
IMPLEMENTING ENHANCED CLOCK TREE
DISTRIBUTIONS TO DECOUPLE ACROSS
N-LEVEL HIERARCHICAL ENTITIES

FIELD OF THE INVENTION

The present invention relates generally to the data process-
ing field, and more particularly, relates to a method, system
and computer program product for implementing enhanced
clock tree distributions to decouple across N-level hierarchi-
cal entities of an integrated circuit chip.

DESCRIPTION OF THE RELATED ART

High-frequency clock distributions require low skew.
Common methods of constructing clock distributions can
achieve low skew, but with extensive interaction between
levels of hierarchy.

Current clock distributions construction methods can
require large design resources including for example, wires,
and gates in clock grids or extensive tuning for different
random logic macro (RLM) tree latencies such as in standard
buffer trees.

Known arrangements include clock grids or meshes that
can achieve very low skew, but are rigid in their planning and
layout, and costly in wiring and design resources required.
Buffer or inverter trees offer flexibility, but are limited in their
skew control, and need extensive tuning to balance out dif-
ferences between small and large hierarchical blocks. Trees
that use large buffers and wide or thick wires, such as struc-
tured clock buffers (SCB) trees, enable good performance,
but often thick metal is not available inside child hierarchical
blocks or only available at the parent or chip level.

In an application specific integrated circuit (ASIC) design,
a common design methodology takes advantage of the use of
random logic macros (RLMs) to improve data management
and design closure. RLMs increase complexity for clocking
by decreasing the chances of finding optimal solutions due to
placement, routing and timing issues.

A need exists for an efficient and effective mechanism to
implement enhanced clock tree distributions to decouple
across N-level hierarchical entities of an integrated circuit
chip.

SUMMARY OF THE INVENTION

A principal aspect of the present invention is to provide a
method, system and computer program product for imple-
menting enhanced clock tree distributions to decouple across
N-level hierarchical entities of an integrated circuit chip.
Other important aspects of the present invention are to pro-
vide such method, system, and computer program product
substantially without negative effects and that overcome
many of the disadvantages of prior art arrangements.

In brief, a method, system and computer program product
for implementing enhanced clock tree distributions to
decouple across N-level hierarchical entities of an integrated
circuit chip. Local clock tree distributions are constructed.
Top clock tree distributions are constructed. Then construct-
ing and routing a top clock tree is provided.

Inaccordance with features of the invention, the local clock
tree distributions and the top clock tree distributions are inde-
pendently constructed, each using an equivalent local clock
distribution of high performance buffers to balance the clock
block regions.

In accordance with features of the invention, the construc-
tion of the local clock tree distributions and the top clock tree
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distributions include initially determining and setting a plu-
rality of local clock block areas. Then placing and fixing
starting buffer of clock block area serial trees is provided,
together with fixing blockage overlaps and cloning serial
trees is provided if required.

In accordance with features of the invention, the hybrid top
or global tree is constructed with a structured clock buffer
floor planner (SCBFP) tree builder with large clock buffers
placed and fixed. Then routing of the hybrid top or global tree
is performed.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention together with the above and other
objects and advantages may best be understood from the
following detailed description of the preferred embodiments
of the invention illustrated in the drawings, wherein:

FIGS. 1 and 2 are block diagram representations illustrat-
ing an example computer system and operating system for
implementing enhanced clock tree distributions to decouple
across N-level hierarchical entities of an integrated circuit
chip in accordance with the preferred embodiment;

FIG. 3 is a flow chart illustrating exemplary sequential
steps for implementing enhanced clock tree distributions to
decouple across N-level hierarchical entities of an integrated
circuit chip in accordance with the preferred embodiment;

FIGS. 4 and 5 illustrate an example clock tree process for
enhanced clock tree distributions to decouple across N-level
hierarchical entities of an integrated circuit chip in accor-
dance with the preferred embodiment; and

FIG. 6 is a block diagram illustrating a computer program
product in accordance with the preferred embodiment.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Inthe following detailed description of embodiments of the
invention, reference is made to the accompanying drawings,
which illustrate example embodiments by which the inven-
tion may be practiced. It is to be understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the invention.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

In accordance with features of the invention, a method, a
system, and a computer program product are provided for
implementing enhanced clock tree distributions across
N-level hierarchical entities of an integrated circuit chip.

In accordance with features of the invention, the local clock
tree distribution and the top clock tree distribution are inde-
pendently constructed, each local clock tree uses an equiva-
lent clock distribution of high performance buffers to balance
the clock block regions. Clocking and timing are decoupled.
The present invention enables timing closure and clock to be
done independently and in parallel. The need for clock delay
books is eliminated, which typically adds timing complexity
and possibly timing variability into the design with some
conventional clocking systems.
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In accordance with features of the invention, the present
two level tree process eliminates the need for random logic
macro (RLM) basining or early clock. Balancing requirement
for different RLM clock tree sizes and latencies is eliminated.
Latency of'the clock tree contained in the random logic macro
(RLM) or local tree is reduced. The use of more top metal
layers for the majority of the RLM tree distribution is enabled.
A highly consistent and uniform routing problem is provided
to top for the balanced router. The high fan out typical of
structured clock buffers (SCB) balanced routing in a full SCB
tree is eliminated.

Referring now to the drawings, in FIGS. 1 and 2 there is
shown a computer system generally designated by the refer-
ence character 100 for implementing enhanced clock tree
distributions to decouple across N-level hierarchical entities
of an integrated circuit chip in accordance with the preferred
embodiment. Computer system 100 includes a main proces-
sor 102 or central processor unit (CPU) 102 coupled by a
system bus 106 to a memory management unit (MMU) 108
and system memory including a dynamic random access
memory (DRAM) 110, a nonvolatile random access memory
(NVRAM) 112, and a flash memory 114. A mass storage
interface 116 coupled to the system bus 106 and MMU 108
connects a direct access storage device (DASD) 118 and a
CD-ROM drive 120 to the main processor 102. Computer
system 100 includes a display interface 122 coupled to the
system bus 106 and connected to a display 124.

Computer system 100 is shown in simplified form suffi-
cient for understanding the present invention. The illustrated
computer system 100 is not intended to imply architectural or
functional limitations. The present invention can be used with
various hardware implementations and systems and various
other internal hardware devices, for example, multiple main
processors.

As shown in FIG. 2, computer system 100 includes an
operating system 130, an integrated circuit design program
132, a clock tree design 134 of the preferred embodiment,
providing hybrid random logic macro (RLM) or local tree
results and hybrid top or global tree results 138, netlist data
including random logic macro (RLM) physical placement
140, clock optimization control file 142, structured clock
buffer floor planner (SCBFP) 144, and a user interface 148.

Various commercially available computers can be used for
computer system 100. CPU 102 is suitably programmed by
the clock tree design 134 to execute the flowchart of FIG. 3 for
implementing enhanced clock tree distributions to decouple
across N-level hierarchical entities of an integrated circuit
chip in accordance with the preferred embodiment.

Referring to FIG. 3, there are shown exemplary sequential
steps starting at a block 300 for implementing enhanced clock
tree distributions to decouple across N-level hierarchical enti-
ties of an integrated circuit chip in accordance with the pre-
ferred embodiment. As indicated at a block 302, initially each
local clock block area (CBA) is determined and set. A starting
buffer of local CBA serial trees are placed and fixed as indi-
cated at a block 304. If required, blockage overlaps are fixed
and serial trees are cloned at block 304. At block 304, an
equivalent local clock distribution of high performance buft-
ers is used to balance the clock block areas.

As indicated at a block 306, loads are assigned to local
CBA trees and CBA clock optimization control files are cre-
ated. Next local starting buffer pins are pop to the top of the
local CBA serial buffer trees as indicated at a block 308. Then
clock optimization of the CBA trees is performed as indicated
at a block 310. Next for the top or global level, the steps
indicated at block 302, 304, 306, and 310 are repeated as
indicated at a block 312.
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A hybrid top or global tree is constructed with the struc-
tured clock buffer floor planner (SCBFP) tree builder or other
available tree builder, such as an L0 tree builder with large
clock buffers placed and fixed, as indicated at a block 314.
Then routing of the hybrid top or global tree is performed as
indicated at a block 316.

FIGS. 4 and 5 illustrate features of an example clock tree
process for enhanced clock tree distributions to decouple
across N-level hierarchical entities of an integrated circuit
chip in accordance with the preferred embodiment.

Referring to FIG. 4, there are shown exemplary clock tree
process steps generally designated by the reference character
400 in the enhanced clock tree distributions design of an
integrated circuit chip 401. As shown, the enhanced clock tree
distributions design includes a local clock block area (CBA)
402, which is determined and set at block 302 in FIG. 3, for
example, included in a random logic macro (RLM) 404. The
starting buffer ofa local CBA serial buffer tree 406, which are
placed and fixed at block 304 of FIG. 3, with loads assigned
at block 306 of FIG. 3, such as an illustrated load 408. Local
starting buffer pins 410 are shown at the top of the CBA serial
buffer trees, which are placed at block 308 of FIG. 3.

Referring to FIG. 5, there are shown further exemplary
clock tree process steps generally designated by the reference
character 500 in the enhanced clock tree distributions design
of an integrated circuit chip 401.

In FIG. 5, the enhanced clock tree distributions design
includes, as shown an example pair of large clock buffers 502,
which are placed and fixed at block 314 of FIG. 3. An example
hybrid top or global tree 504 is shown, such as constructed
with the structured clock buffer floor planner (SCBFP) tree
builder at block 314 of FIG. 3. Hybrid tree timing includes at
all RLM clock ports 506, a latency and slew value being
provided for timing from the hybrid top or global tree 504. A
latency, variation, and slew value of the local clock tree 406 is
provided from timing the local clock tree 406.

Referring now to FIG. 6, an article of manufacture or a
computer program product 600 of the invention is illustrated.
The computer program product 600 includes a recording
medium 602, such as, a floppy disk, a high capacity read only
memory in the form of an optically read compact disk or
CD-ROM, a tape, or another similar computer program prod-
uct. Recording medium 602 stores program means 604, 606,
608, 610 on the medium 602 for carrying out the methods for
implementing enhanced clock tree distributions to decouple
across N-level hierarchical entities of an integrated circuit
chip of the preferred embodiment in the system 100 of FIG. 1.

A sequence of program instructions or a logical assembly
of one or more interrelated modules defined by the recorded
program means 604, 606, 608, 610, direct the computer sys-
tem 100 for implementing enhanced clock tree distributions
to decouple across N-level hierarchical entities of an inte-
grated circuit chip of the preferred embodiment.

While the present invention has been described with refer-
ence to the details of the embodiments of the invention shown
in the drawing, these details are not intended to limit the scope
of the invention as claimed in the appended claims.

What is claimed is:

1. A computer-implemented method for implementing
decoupled clock tree distributions on a hierarchical design of
an integrated circuit chip comprising:

using a computer, constructing local clock tree distribu-

tions using an equivalent clock distribution of high per-
formance buffers to balance the clock block areas and
including to metal layers for said local clock tree distri-
butions;
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using a computer, constructing top clock tree distributions
using an equivalent clock distribution of high perfor-
mance buffers to balance the clock block areas of said
top clock tree distributions; said local clock tree distri-
butions and said to clock tree distributions being inde-
pendently constructed, enabling timing closure and
clock optimization to be done independently and in par-
allel and eliminating use of clock delay books; and

using a computer, constructing and routing a top clock tree.
2. The computer-implemented method as recited in claim 1
wherein constructing local clock tree distributions and con-
structing top clock tree distributions include initially deter-
mining and setting a plurality of local clock block areas.
3. The computer-implemented method as recited in claim 2
include placing and fixing starting buffer of respective clock
block area serial trees.
4. The computer-implemented method as recited in claim 3
include fixing blockage overlaps and cloning serial trees.
5. The computer-implemented method as recited in claim 3
include assigning loads to respective clock block area serial
trees and creating respective clock block area optimization
control files.
6. The computer-implemented method as recited in claim 2
wherein constructing local clock tree distributions and con-
structing top clock tree distributions include performing
clock optimization of constructed clock block area trees.
7. The computer-implemented method as recited in claim 1
wherein constructing and routing a top clock tree include
using a structured clock buffer floor planner (SCBFP) tree
builder with large clock buffers placed and fixed.
8. An integrated circuit design computer program product
for implementing decoupled clock tree distributions on a
hierarchical design of an integrated circuit chip in a computer
system, said computer program product tangibly embodied in
a non-transitory machine readable medium used in the inte-
grated circuit design process, said integrated circuit design
computer program product including a clock tree design pro-
gram, said integrated circuit design computer program prod-
uct including instructions executed by the computer system to
cause the computer system to perform the steps of:
constructing local clock tree distributions using an equiva-
lent clock distribution of high performance buffers to
balance the clock block areas and including to metal
layers for said local clock tree distributions;

constructing top clock tree distributions using an equiva-
lent clock distribution of high performance buffers to
balance the clock block areas of said to clock tree dis-
tributions; said local clock tree distributions and said to
clock tree distributions being independently con-
structed, enabling timing closure and clock optimization
to be done independently and in parallel and eliminating
use of clock delay books; and

constructing and routing a top clock tree.

9. The integrated circuit design computer program product
as recited in claim 8 wherein constructing local clock tree
distributions and constructing top clock tree distributions
include initially determining and setting a plurality of local
clock block areas.

10. The integrated circuit design computer program prod-
uct as recited in claim 9 said steps include placing and fixing
starting buffer of respective clock block area serial trees.
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11. The integrated circuit design computer program prod-
uct as recited in claim 10 said steps include fixing blockage
overlaps and cloning serial trees.

12. The integrated circuit design computer program prod-
uct as recited in claim 10 said steps include assigning loads to
respective clock block area serial trees and creating respective
clock block area optimization control files.

13. The integrated circuit design computer program prod-
uct as recited in claim 9 wherein constructing local clock tree
distributions and constructing top clock tree distributions
include performing clock optimization of constructed clock
block area trees.

14. The integrated circuit design computer program prod-
uct as recited in claim 8 wherein constructing and routing a
top clock tree include using a structured clock buffer floor
planner (SCBFP) tree builder with large clock buffers placed
and fixed.

15. A system for implementing enhanced decoupled clock
tree distributions on a hierarchical design of an integrated
circuit chip comprising:

a processof,

an integrated circuit design program tangibly embodied in

a non-transitory machine readable medium used in the
integrated circuit design process, said integrated circuit
design program including a clock tree design program,
and

said processor using said a clock tree design program,

constructing local clock tree distributions using an
equivalent clock distribution of high performance buff-
ers to balance the clock block areas and including to
metal layers for said local clock tree distributions;

said processor using said a clock tree design program,

constructing top clock tree distributions using an equiva-
lent clock distribution of high performance buffers to
balance the clock block areas of said to clock tree dis-
tributions; said local clock tree distributions and said to
clock tree distributions being independently con-
structed, enabling timing closure and clock optimization
to be done independently and in parallel and eliminating
use of clock delay books; and constructing and routing a
top clock tree.

16. The system as recited in claim 15 wherein said proces-
sor using said clock tree design program, constructing local
clock tree distributions and constructing top clock tree distri-
butions include said processor initially determining and set-
ting a plurality of local clock block areas.

17.The system as recited in claim 16 include said processor
placing and fixing starting buffer of respective clock block
area serial trees.

18. The system as recited in claim 17 include said processor
assigning loads to respective clock block area serial trees and
creating respective clock block area optimization control
files.

19. The system as recited in claim 16 include said processor
performing clock optimization of constructed clock block
area trees.

20. The system as recited in claim 15 wherein said proces-
sor constructing and routing a top clock tree include said
processor using a structured clock buffer floor planner
(SCBEFP) tree builder with large clock buffers placed and
fixed.
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